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Abstract 
Nowadays MgB2 wires are attractive for designing real devices like motors and magnets.  The latest production technologies 
allow to increase critical current value of wires. However, there is a problem of wire performance degradation under bending 
strain. Thus, there is a problem of manufacturing solenoids with small diameters, especially from ex situ MgB2 wires produced 
by powder-in-tube (PIT) technology. In this work, influence of bending on critical current Ic multifilament PIT ex situ MgB2 tape 
and wire has been studied. Critical current dependencies on external magnetic field Ic(H) were measured at liquid helium 
temperature in the range of fields from 2.5 T up to 8 T. Measurements were carried out in parallel (H||), and perpendicular (HA) 
orientation of external magnetic field to the sample surface. Voltage current characteristics (V-I) on tape samples were measured 
with bending on diameters D=30; 40; 60; 70; 80; 90;100 mm. It was shown that critical current density (Jc) decreases by 24% and 
by 28% for tape and wire respectively with decreasing bending diameter from 100 mm to 60 mm. It was found that the tape still 
had superconductive properties even with bending diameter D=30 mm, but its Jc decreased by 44% in comparison with Jc(D=100 
mm). One more feature that was found is the appearance of resistive component in the voltage current characteristics for all bend 
diameters in magnetic fields H>3.5 T. 
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1. Introduction 
Great attention is paid to MgB2 superconductor because of its unique properties: relatively high critical 
temperature Nagamatsu et al. (2001), big coherence length, low anisotropy, wide range of heat treatment 
temperatures forming superconductor phase. Low cost of magnesium and boron powders makes that material 
attractive for industrial production of superconductive wires. Nowadays there are many technological routes, that 
allow to produce wires with the length of more than one kilometer. Recently obtained wires are comparable in 
performance to Nb-Ti wires Patel et al. (2014). High critical temperature of MgB2 makes it possible to construct 
cryomagnetic systems with alternative cooling methods: with the usage of solid nitrogen or low power cryocooler 
Yao et al. (2008). However, the problem of current performance degradation of MgB2 wire with bending, exists both 
in self-field and external magnetic field. 
2. Researched samples 
In this work samples of industrial MgB2 PIT ex situ (review article Collings at al. (2008)) tape with cross-section 
dimensions 3.5 × 0.6 mm and round wire with diameter d=1 mm, produced by Columbus Superconductors (Italy), 
were studied. The amount of MgB2 filaments was 12 in both tape and wire, filling factors were 12.2% and 10.7% 
respectively. Fig. 1 shows cross-sections of the samples studied.  
 
 
Fig. 1. Cross-sections of ex situ MgB2 (a) tape; (b) wire. 
 
3. Experimental techniques 
The influence of external magnetic field (H) on critical current (Ic) of the tape was studied in two different 
orientations: field parallel to the surface of the tape (H||), and field perpendicular to the surface of the tape (HA). 
Measurements for wire sample were carried out with magnetic field perpendicular to the wire axis. Current flow 
along the sample was perpendicular to external magnetic field for all measurements, which corresponds to Lorenz 
force orientation of real magnetic systems. Critical current measurements were carried out in liquid helium using 
four-probe method. Ic values were determined from voltage current characteristics (V-I) using 3 μV/cm criterion. 
Magnetic field was produced by Bitter magnet with maximum induction of 10 T. 
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4. Results and discussions 
4.1. Critical current measurements of tape at H|| orientation  
For this series of experiments, the sample with the length of 15 mm was glued to the holder. Transport current 
measurements were carried out with 5 mm distance between voltage contacts in the range of external magnetic field 
from 3 T up to 8 T. To obtain the critical current value more accurately, experimental V-I curves were smoothed by 
polynomial filter and shifted to the zero voltage point near Ic region in order to exclude influence of thermoelectric 
effect on measurement leads. 
According to the above method of determining critical current, experimental data were processed for the entire 
range of fields and critical current over external magnetic field curve was plotted (Figure 2a). The curve shows 
exponential decrease in critical current with external magnetic field going up. At 3 T critical current is 105 A and at 
5 T this value decreases to 27 A. 
4.2. Critical current measurements of tape at HA orientation 
Measurements in the second Lorenz force orientation were combined with mechanical bending experiments. 30 
mm sample was used with 9 mm between voltage contacts. As is known from Young et al. (2012), that bending on 
diameter D=100 mm leads to degradation of transport properties of MgB2 wires. This fact is significant even for thin 
wires with multiple filaments inside Young et al. (2014). 
 
 
Fig. 2. (a) critical current over magnetic field, oriented perpendicular to the tape, for series of bend diameters, compared with H|| orientation; (b) 
normalized critical current density curves of bended tape and wire in the logarithmic scale. 
For obtaining critical current over bend diameter curves several formers were made with different curvature 
diameter from 100 mm to 30 mm. A measured sample was set up on the former perpendicular to the magnetic field 
by the technical tape. During the experiment a smaller diameter was successively used and the series of V-I curves 
were measured for each former. The field range used was from 2.5 T to 5 T. The critical current over external 
magnetic field curves was obtained for diameters: 100 mm, 90 mm, 80 mm, 70 mm, 60 mm, 40 mm and 30 mm 
(Fig. 2a) 
Critical current gradually decreases together with bending diameter which is typical for superconducting 
composites of the first generation. It is worth noticing that even if the winding diameter is 30 mm superconducting 
properties are non-zero and are reduced only by 44%. The dependences of the critical current on the bending 
diameter, normalized to the value for the diameter of 100 mm are shown in Fig. 3a. One can see monotonic, but 
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nonlinear decrease in the current with decreasing diameter. Near point D = 100 mm function does not saturate. It 
means that the tape is degraded even at such large bending diameter. 
Significant difference in V-I curves of bended wires is the presence of resistive contribution. In order to 
determine the critical current of the superconductor, this contribution was defined and subtracted. The growth 
dynamics of the effective electrical resistance in the sample while increasing the magnetic field is shown in Fig. 3b. 
Naturally, the curve for the diameter of 100 mm is below all other curves, but the presence of resistance in high 
fields indicates the presence of microcracks in superconducting filaments caused by bending. Thus, it can be stated 
that the superconducting tape degrades at winding diameter of 100 mm. Moreover, the degradation increases as the 
diameter of the formers decreases. One should also consider the region of the curves up to 3.5 T, where resistive 
contribution is present but is much smaller.  
 
 
Fig. 3. (a) normalized critical current over bend diameter in fields 2.5 T to 4.5 T; (b) resistive contribution to the V-I characteristics over magnetic 
field for series of bend diameters. 
 
 
Fig. 4. (a) critical current density over field for bended tape and wire; (b) engineering critical current density over field for bended tape and wire. 
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It is assumed that the parameter of order (which decreases in a magnetic field) becomes comparable to the 
microcrack sizes of current-carrying filaments at fields over 3.5 T. It leads to the formation of micro-resistive 
region, which is reflected as the linear contribution to the current-voltage characteristic. 
4.3. Critical current measurements of wire 
The measurement method of critical current for tape sample in magnetic field with orientation H|| has been 
repeated for wire sample of 30 mm long. A set of formers with diameters D=60; 100 mm were used. During the 
measurements linear contribution to the voltage current characteristics similar to measurements on the tape was 
found. Repeating the method used to calculate the critical current for the tape in the field H||, data were processed 
for both diameters in a field range of fields from 2.5 T to 5 T. For comparison of current-carrying properties of tape 
and wire, dependencies of critical current density Jc and of critical current engineering density Je on magnetic field 
were plotted (Figure 4a,b). Je and Jc were calculated considering cross-section area and superconductor material 
filling factor. The graphs show that the critical current densities of the wire with bending diameters D=60; 100 mm 
are larger than the corresponding values for the tapes. However, Je values almost coincide. Functional dependence 
Jc(H) has been calculated and plotted (Figure 2b). Both wire and tape Jc values decrease exponentially with 
magnetic field increasing for all bend diameters. 
5. Conclusions 
In the present work, it is shown that the critical current density of ex situ multifilamentary MgB2 tape and wire 
decreases exponentially with the increase in magnetic field for all examined bend diameters. Superconductivity of 
the tape does not disappear even when the bending diameter D=30 mm, but the value Jc(D=30 mm) is 44% less than 
Jc(D=100 mm). In magnetic fields H>3.5 T appears significant resistive component in the voltage current 
characteristics for all bend diameters. The occurrence of resistance is connected with the disappearance of 
superconductivity at grain boundaries of MgB2. 
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